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MULTI-COUPON 2 * 7 STfSTCI FOR KODiniNC. DtCRACIXC OR 
BLCACHIMC UO..N, LICHIN-CONTAIHING KATL.'.IALS OR 
SIMILAR SUBSTANCES AWO PROCESSES FOR ITS CSE 

ABSTRACT OF TV r DTSCLPSTTWr 

The presant invasion relates to a aulti-coav>cnent 
systea fcr aodifying. degrading cr bl.aching lignin. liqnir.-concair.ia, 
aaterial* or siailar substances ana to a process for its use. The 
aulti-eooponent systea coaprises if appropriate , at leaat one 
oxidation catalyst; *nd at least on. suitable oxidising and at 

least on« aediator chosen froa the group consisting of hydroxyzine,, 
hydroxy iaaine derivative*, hydroxaaic acids, hydroxaaic acid 
derivatives and aliphatic, cycloaliphatic. heterocyclic or aroaatic 
coapounds which contain at least one N-hydroxy. oxiae, X-oxy or H.s. 
-dioxy function; and if appropriate, at least one ccaediator froa the 
group consisting of arcsatic alcohols, earbonyl coapeuncs. aliphatic 
ethers, phenolic ethers and/or olefins (aUeenes) ; and a saall aaeunt 
ot at least or*s free aaine of a aediatcr employed in each case. 
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BACTCPCtTHD Of jH f TyyryTTQ^ 

The present invention relates to « aulti-component 
eystea for scdifying, degrading or bleaching lignin, lignin-cont*ining 
materials or similar substances and to processes for its use. 

The sulfate and the sulfite process are the processes 
currently primarily used for pulp production. With both processes, 
pulp is produced by cooking under pressure. The sulfate process 
operates with th* addition of NaOH and Na-S, while CafHSO,), - S0 : is 
used in the sulfite process. 

All the processes have the aain objective of removing 
the lignin fro. the plant aaterial, wood cr annual plants used. 

The lignin which, with the cellulose and the 
heaicellulose, makes up the aain constituent of the plant material 
(«tea or trunk) aust be reaoved, since otherwise it is not possible to 
produce paper products which are non-yellowing and can be subjected to 
high mechanical stress. 



Wood pulp production processes operate with stone 
grinders (mechanical wood pulp) or with refiners (TMP) , which 
def ibrillate the vood by grinding after appropriate pretreataent 
(chemical, thermal or chemical -thermal) . 
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Tries i wood pulp* r.tiil ccaprise most of the lignin. 
They art u*ed primarily for the production of newspapers, illustrated 
joumali and the liXe. 

The possibilities for using tnzyiMs fcr degradation cf 
iignin have been researched fcr scse years. The ac,ticn aecnanisa cf 
such lignolytic system vts clarified caiy a few years ago, when it 
becoae possible to cbt-in adequate aaounts cf enryae with the white 
rot fungus rhar.erochaete chr/*ospcriu= ur.de r suitable crcvir.c 
conditions with additions cf inductor. Trie previously unXnovn lignir. 
peroxidases and nanganese peroxidases vere discovered by this 
research. Since Fhanercchaate chryscspcriua is a very effective 
deo^rader of lignin, attempts were aade to isolate its er.zyaes and to 
use thea in a suitable fera for lignin degradation. However, this was 
net successful, since it was found t*iat the enoyaes lead above ail to 
repclyaerisaticn cf the lignin and net to degradation thereof. 

Siaiiar circuastancas also apply to other lignciyxic 
enzya« species, such as laccases, which degrade the ligr.in cxidati%'ely 
with the aid of oxygen instead of hydrogen peroxide. It vas found 
that siaiiar processes occur in all cases. In fact, free radicals are 
foraed which react with one another again and thus lead to 
polymerization. 
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There ere thus currently only processes which operate 
with in vivo systems (fungus systems) . The win key point, of 
optimisation experiments are so-called biopulping and biobl.aching. 

Biopulping is understood as meaning treataent of 
chopped wood chips with live fungus systems. 

There are two types of biopulping application: 

1. Pretreat-.ent of chopped chips before refining 
or grinding in order to save energy during the production of vocd 
pulps (for exa.pl. TMP or mechanical wood pulp). Another advantage is 
the improvement which usually exists in the ~chanical properties cf 
the pulp, but a disadvantage is the poorer final brightness. 

2. Pretreataent of chopped chips 
(softwood/hardwood) before cooking of the pulp (kraft process, sulfite 
process) . 

The aim in reduction in cooking chemicals, improvement 
in cooking capacity and -extended cooking-. 

Another advantage is an improved kappa reduction after 
cooking in comparison with cooking without pretreataent. 
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ni.edv.ntag.. of th... proc.w.. .„ cl « irly ^ 1<Jng 
tr.at»«nt ti... ( ,. v . ral w .. ka) # 4nd ^ ^ ^ ^ ^ 

conta.ination during treaty if st.rilization of topped chip., 
which is uneconoaical, is to b« dispensed with . 

Biobl.aching likewi.. operates with in vivo systea.. 
Th. coo*.* p«l p (softwood/hardwood, i, ... d .d with fungus before 
bleaching and is treated for days tc weeks. o,;ly .rt.r thi, long 
tr-t~.it ti». is a significant reduction in kappa nunber and increase 
in brightness found, which r.nd.rs the process uneconomical for 
i»pl«»entation in the usual bleaching sequences. 

Another application carried out usually with 
i^obilixed fungus system „ the treatment of waste waters from the 
■anufacturer of pulp, in particular bleaching waste waters, for 
decolorization thereof and reduction of the AOX (reduction of 
chlorinated expounds in th. wast, water caused by chlorine or 
chlorine dioxid. bleaching stages). 

It is furthermore known to aaploy heaic.llulases „nd 
also xylanases and nannanases as -bl.aching boosters-. 

The*. .„ 2 y».s ax. said to act chi.f ly against th. *ylan 
which i, r.pr.ci P it«t.d af t.r th. cooking proc... and partly M .ks th. 
r.«idual l igni n, and dagr.dation thereof increase, th. acecr-ibility 
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of the lignin to the bleaching chemicals (above all chlorine or 
chlorine dioxide) used in the subsequ^t bleaching sequences. The 
savings in bleaching chemicals demonstrated in the laboratory ver* *■ 
confirmed to only a limited extent on a large scale, so that this typ 
of enzyme can at best be classified as a bleaching additive. 

Another possible use of lignolytic enzymes cr fungi 
investigated recently has been recognized in •liquefaction of coal". 
Provisional, studies shew the main possibility of attaching and 
liquefying brown coal or hard coal with the aid of in vivo treatment, 
with, for example , white lot fungi, such as Phanerochaete 
chrysosporium (incubation time of several weeks). (Bio-czcir.eerizj 
4.92 Vol. 8) . 

The possible structure of hard coal shows a three- 
dimensional network of polycyclic aromatic ring systems with a 
"certain* similarity to lignin structures. 

Chelating suhstances (siderophors, such as ammonius 
oxalate) and biosurf actants are assumed to be a cof actor, alongside 
the lignolytic enzymes. 

The application PCT/I2S7/00635 describes a system for 
removing lignin from material containing lignin-cellulosa with 
simultaneous bleaching, which operate*! with lignolytic enzymes from 
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white rot fungi with the addition of reducing and oxidising agents and 
Fnenolic compounds as mediators. 

In fSClMJCT, -mimic cuhstar.ces* which simulate the 
active etatar (prosthetic croup) ol lipolytic are added ir. 

addition to the redox system. 2t was thus possible to achieve a 
considerable improvement in perf crmance. 

In the application PC7/Z?9l;:z:s6, a redcx cascade with 
the aid cf phenolic cr non-phenolic arcmatics "coordinated* in 
oxidation potential is employed as an additional improvement. 

The limitation for use cn a large industrial scale is 
the applicability at lev pulp densities (up to net more than AX) fcr 
all three processes, and for the last tve applications the ris* of 
-leaching out- of metals vhen using chelating compounds, which can 
lead above all to destruction of the peroxide in the subsequent 
peroxide bleaching stages. 

Processes in which the activity of peroxidase is 
promoted by scans of so-called enhancer substances are known from WC 
94/12 619, WO 94/12620, and WO 94/12621. 

Tme enhancer substances are characterized with the zid 
of their half -life in vo 94/12619. 
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According to VO 94/12620, enhancer substances are 
characterized by the formula A-H-H-B, in which A and 3 are each 
defined cyclic group. 

According to VO 94/12620, enhancer substances are 
organic cheaicals which contain at least two arcaatic rings, at least 
one of which is substituted by in each case defined groups. 

All three applications relate tc "dye transfer 
inhibition- and the use off the particular enhancer substances, 
together vith peroxidases , as a detergent additive or detergent 
composition in the detergent sector. Although a possible use for 
traataent of lignin is referred to in the description of the 
application, cur cvn experiments with the substances disclosed 
coapletely in the application have shown that they shewed no activity 
as mediators for increasing the bleaching action of the peroxidases 
during treataent of ligrs in-containing materials. 



suyyASY of t^t xyvrsTT^ 

It is an object of the present invention to provide a 
system for .edifying, degrading or bleaching lignin, lign in-containing 
raterials or similar substances which is more effective than taowr. 
systems. 
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The tbcvt object is achieved according to the present 
invention fcy « aulti-ccnponent systar:, which comprises: 



*• ir appropriate *t Itast cr.e oxidat 
catalyst, and 

b. at leost one suitahlt cxidirinc agent, and 

c. at least cr.t mediator selected frcn the group 
consisting of hydrcxyianir.es. hydroxy la^ir.e derivatives, hydrcxaaic 
acids, bydrcxaaic acid derivatives and aliphatic, cyclcaliphatic, 
hetarocyclio cr arcaa::c ccotpcunds which contain at least cnt N- 
hydros, cxine, K-oxy or H, X'-4£oxy tectica, and 

d. if appropriate, at least cr.e ccnediatcr 
selected frca the group consisting of aryl-s^stit uted alcohols, 
carbcr.yl ccapcunds, aliphatic ethers, phenolic ethers and/cr olefins 
(alfcenes}. and 



• - a smII wcunt cf at least cr.e free *air.e of 
a aediator <c=ployed in each case. 



The aulti-ccrpcnent systea according to the invention 
preferably ccanrises at least one oxidation catalyse. 

Tae sulti-coapcnent systea according to the invention 
preferably comprises at least one coaediatcr. 
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in «. .uUi-co-pon,,, W . B accordlng t . ^ J 
•ctiv. prottln , or p . ptid „ or prMth-Uc ^ 

which can >. . aploy , d in ^ Bulu . coaponent 
~ ^ to the lnv . ntlon „. oxidor . ductaMs of c1msm 
to 1.97 .ccor*i„ g to EnzyM llOBLACl ^ coMitta- 

*-«el.tu», ^ Jjjc ., ^ w- ^ 

The .n 2 y a „ of tta cla „ as Bentioned baiw 
preferably employed: 



.« on Pcl .„ y . lcohol , .„„ ,.„ Miry aicoho]a >m ^ 
nave other acceptors (1.1.99). 

« *ho.e or clas, !.a. 5 vith „ ^ 

class 1.1.3 vith oxygen as the acceptor. 



- 9 - 
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CUOMO..* qui«».-x^ 1 « ider-uetai# (l ... a 
Particularly pr.r.rr* i„ cU „. 



' 4, ' irSn/IUliUr Cl.a.9). or ot*.r acj:eFtcrs fl . 2 9 , 

acptor *r. particularly pr.f.rr.d fc.r.. 



*«y=e S es class x .3 4re ft-tt.^ pre;rerred 



be 

«s 

99) . 



of the donor. 



Tixis class comprises enzv- •< w.-v 

« M2 >- as **ich act or. ch-ch croups 



ft. correspond ac«pto» are NAD-, XAT?- (i 3 
1*00^ C1 .,. aii ^ C1 ^ 3K ^ cnM er ^ — ■ >• 



f , . — -pcuruis 

C1-3.S,. iro„ /su i fur protains ( , 3 . 7)f ar otheracc<ptcrs 

t>. acceptor ^ C1>J _ 9J witt ^ ^ 
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ftwyae. of claa. 1.4 which act on Gl-NH, groups or the 
donor ara furtheraore preferred. 

Tha corresponding acceptors ara HAD*, HADF+ (1.4.1), 
cytochroa.s (1.4.2), oxygen (1.4.3), disulfides (1.4.4,. Iron/sulfur 
protains (1.4.7), or other acceptors (1.4. 99). 

Enzya.s of class 1.4.3 with oxygan as the acceptor are 
also particularly preferred here. 

Enzyaes of class 1.5 which act on CH-NH groups or the 
donor are furtheraore preferred. The corresponding acceptors are 
NAT*, NADP+ (i.s.D. oxygen (I . 5 . 3)# disulfidM {lt5 A)f 
(1.5.5), or other acceptors (1.5.93). 

Enzyaes with oxygen (0,) (1.5.3) and with quinones 
(1.5.5) as acceptors are also particularly preferred here. 

Ensyaes of class 1.6 which act on NADH or NADPK are 
furtheraore preferred. 



The acceptors here ara NADP+ (1.6.1), heaoproteins 
(1.6.2). disulfide. (1.6.4), quinona, (1.6.5), HO, groups (1.6.6) and 
• flavin (1.6.8), or seae other acceptors (1.6.99). 



- 11 - 
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*»y— or cl „. x .,. 5 vith quinonM as ac 
particularly preferred here. 

class x. 7 vhich act „ ether ceapounds ^ ^ ^ ^ 

cytochromes (1.7.2), oxyg« n (©,) 7 , , 

79 t 1 ' 7 - 3 ). iron/sulfur proteins 

(1-7.7). or others (l.7. 99 , as acceptors. 



preferred here 



i.,., „ ith «„.„ „ t)> . , csjpi:at u HtMi _ 



II..,.,. ir ,„ /sultur proteira „ »• 

acceptors. U.3.99) as 

as acceot • ClaS= " 8 ' 3 Witl1 ^ (0l) ^ U - 8 - 5) «"™~ 
« acceptors ls particularly preferred. 

mzy.es which are further, preferred are those of 
• X...3,. HO, expounds d.,.., ^ athe „ (1>9>99) ^ acewrs 
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Croup 1.9.3 with oxygen (0 : ) as the acceptor 
(cytochrome oxidases) is particularly preferred here. 

Enzymes of class 1.12 which act on hydrogen as the 
dono;/ are furthermore preferred. 

The acceptors are NAD+ or NACP- (1.12.1) or otters 

(1-12.99). 



Enzymes of class 1.13 and x.H (oxygenases) are 
furthermore preferred. 

Enzymes which are furthermore preferred are those of 
class 1.15 which act on superoxide radicals as acceptors. 

Superoxide dismutase i 1.15.1.1) is particularly 

preferred here. 



Enzymes of class 1.16 are furthermore preferred. 
HAD+ or HADP+ (1.16.1) or oxygen (0,) (1.16.3) act as 

acceptors. 

Enzymes cf class 1,16.3.1 ( f erroxidase. for example 
caruloplasain) are particularly preferred here. 

- 13 - 
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a»y— which ar. furth.r=cr. pr.f.rr^ ar. whicft 
b-lon, to croup x .„ (metlon en ^ groups> ^ ^ ^ _ 

on ,.du«d fl . vodcxia „ ^ donor) Md un cattw Mider-ductasM) 

«nzy« M of oroup which ac-. on * proxid. a, 

th. acc.ptor ar. further, particular^ pr.fcrr*. ^ sol . 
.ubclas, ci.11.1, contain, th. p.r=xidas.*. 

tnzy« s which «. particuiarly pr.'erred h.r. are th. 
cytochrome c peroxidases m n i 

P« oxid.,. s (x.u.x.5,. catalas. (X.U.1.6,. p«roxida.. 

(1.11.1..). iodid. p. roxidasn (x.xx.X..,. olutathion. P-roxida,. 
Cl.«.X.t). calorid. p.roxidas. ( X . XX . X . X0) . t,a,«rbat. paroxidas. 
U.11.1.11). Phospholipid hydroproxid. clutathion. p.rcxidas. 
d.il.l.iaj. -angan... p, roxid „. (X .„. X . 13J , nc ciary , FroFAne 
Proxies, (licnina... Uanin pwoxiA „ m (X . XX . X . 14J . 

The .nzy^s of elu, 1.10 which act cn biph.nol, and 
r.latad co.pou^, ar . .,p. ci * Uy pr . f . rred . ^ ^ 

oxidation of biph.no!* and ..corbat.,. KAO.. HASP- {x . 10 „ 
cy.ochxo^s U . X0 . 2) , exyg , n (110 J) ^ othw a ^ ^ ^ 
acceptors. 



•ccptor «o i„ turn particularly pr.f.rrad aaong th.,.. 



- 14 - 
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; « - «... 

r ° r «—Pl.. ar. u «. d fer „ s hl ' bia and 

group in, w_ 
P««icuU- *w fcu* above all , ,„ , 

* r ° r tt * Merlon or lace... ' *"* ia 

~ Perchloric *cid. 



- 13 
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per borates , peracetates, persul fates, p«roxid«s or oxygen sp«cies and 
free radicals thereof, such as OH, OOH, superoxide (O, ) singlet 
oxygen, ozonide, the dicxyganyl caticn (Oj*) , dioxirane, diouetanes or 
Freay radicals. 

Those oxidizing agents waich either can be generated by 
the corresponding ox id o reductases, for exaaple dioxiranes froa 
laccases plus carbonyls, or which can regenerate the mediator 
cheaically (for exaaple Caro's acid + benzotria2ole gives 
hydroxybenzotriazola) or can react with the mediator directly are 
preferably employed. 

The aulti -component systea according to the invention 
comprises, as the aediator (component c) , preferably at least one 
compound which contains at least one N-hydroxy, oxime, K-oxy or N- 
dioxy .function and/or one of the compounds of the formula I, XI, III, 
IV, or V mentioned below, the compounds of the formulas II, III, IV 
and V being preferred, the compounds of the formulae III, IV and V 
being particularly preferred and compounds of the formulae IV and V 
beinq especially preferred. 
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Hydroxy laain.s: (cp.n-chain or cyclic, aliphatic or 
aromatic, h.t.rocyclic) of th. g.n.ral forwila I 



I 

OH 



I 



in which, in th. g.n.ral formula I, th. «ub«titu.nts a' and R'. which 
can b. id.ntical or diff.r.nt. i„d.p.nd.ntly of on. anoth.r are on. of 
th. following group.: hydrog.n. C.-C^alkyl. e.rbonyl-c,-c,- a iXyl, 
ph.nyl or aryl, th. C.-c^-.Dcyi. carbcnyl-C-c-alfcyl. ph.„yl or aryl. 
of which can e. un,ub.titut.d or further, .cno- or poly.ubstitut.d 
by th. radical R\ and in which th. radical R' can b. on. of th. 
following group.: hydrog.n. halog.n. hycroxyl. for»yl. carboxyl and 
•alt. and ..t.„ th.r.of. ..ino, nitro. C ; -c tt -aUyl. C-C.-alJcyloxy. 
carbonyl-C I ^.-.i Jtyl< ph.nyl. sulfono, ..t.ra and Mlt , th.r.of. 
.ulxa»eyl, cart-wyl, pho.pho. pho.phono. pho.phonooxy and ..it, and 
«t.rs th.r.of. in which th. a B ino. carb^yl and rulfamoyl groups of 
th. radical R» furth.rnor. can b. un.ubstitut.d or »ono- or 
di.ub.titut.d by hydroxyl. C.-c-lfcyi or c-c.-.Uoxy. and in which th. 
r.dic.1. R- .nd * te g. th . r can tm . m _ B _ ^ _^ ^ ^ ^ ^ 

relieving group.: (^.,. or (-c^ch-).. and in which R 4 ia . 
.ub.titu.nt which i. d.f in.d a. tf. .„d n i, an i„t^g« fro . x to , 
•nd * i« «n lnt*9«r froa l to 3. 
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Examples : 
Eydroxylamine* 

» , S-dipropy Ihydroxylaain* 
If ,N-diisopropylhydroxylaaine 
M-hydroxypyrrolidine 
N-hydroaeypi peri dine 
M -hydr cxy hex ahydr oa z ep i n« 
M , N-diben:y hydroxy laaine 

phenylhydrcxyiaaine ■ 

i 

3 -hydroxy latino- 3 -phenyl propionic acid ! 

i 

2 -hydr cxy 1 as ino- 3 -phenyl prop ionic acid 
N-su 1 f oa* thy Ihydr ory 1 aaine 



Coapounds of the general foraula II are: 

~e^i 



z 

in which X is one of the following croups: (-K-N-) , 
(-N-CR w -) r# (-CR^K-)^ (-CR ,l -CR u -), 

and p is 1 or 2, 



in which the radicals R* to R° # a" and R M can be identical or 
different and independently of one another can be one of the following 

- 11 - 
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groups: hydrogen, halogen, hydroxyl, forayl, carboxyl and salt* and 
•stars thereof, anino, nitro, C r C a -aiXyl, C 1 -C,-alXyioxy. 
carbonyl-C^-alXyl, phenyl, sulfono, esters and salts thereof, 
sulfascyl, carbamoyl, phospho, phosphono, phosphencexy and salts arr- 
esters thereof, and in vhich the aaino, carbamoyl and sul*a=oyl grcups 
of the radicals R* to R". R u and R u furthermore can he unsubstituted 
or *cno- or disubstituted by hydroxyl, C,-C r alkyl or C : -C r alXoxy , and 
in which the ..radicals R JS and R* can fora a coeson group -O- and -C- 
here is one of the following groups: <-CR , -CR*-C3f or 
(HrR'-CR'-CRS-CR 3 -) . 

The radicals R 5 to R* can be identical cr different and 
independently of one another are one cf the following groups: 
hydrogen, halogen, hydroxyl, forryl, carboxyl and salts and esters 
thereof, aaino, nitro, C^C^-alXyl, q-C^-alXy loxy, 
carbonyl-C^-alXyl, phenyl, sulfono, esters and salts thereof, 
sulfaaoyl, carbamoyl . phospho, phosphono, phosphenoexy and salts and 
esters thereof, and in vhich the aaino, carbaaoyl and sulfaaoyl groups 
of the radicals R* to R* furthermore can be unsubstituted or aono- or 
disubstituted by hydroxyl, q-C^alkyl or C,-C,-alkexy, and in vhich the 
C,-C n -alkyl. <V<,-alXyloxy, " car bo nyl a IXyl, phenyl and aryl 
groups of the radicals R 3 to R* can be unsubstituted or furthermore 
aono- or polysubstituted by the radical R'\ and in vhich the radical 
R M can be one of the following groups: hydrogen, halogen, hydroxyl. 
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.^yi. c,-c,- al * ylexy . c^,.^..^, phMyi> ^ ^ _ 

***** ° S " diCai ** «" * — c- =cn * 8 *. c . 

- ^ tt . fo nov in5 9rcupa: h ^. n# hydrcxyi> ^ ^ ^ 

-It. ^. r . cf ^ ^ Ci . C : . aik5 . u ^ - / 

c*rbony:-c ; -c-al^vl. phenyl and 4r}>1 

Examples: 

i-*»y»ro«y-x.a.3-tri««ol.-4.5-die»rbo«y2ie acid 
s *« ! »i«»«»-l-Fh«nyl-xa-l.a.3- tri « ol . 3 _ cxi;ie 

4-hydroxy- 2 .p llMyl . 2H . 1>2(3 . tri ^ ole 

2 . 4. 5-«-iph«-.yl- 2a -i, 2 . 3-trl**ol« X-cxid* 

l-b««y 1-4-chloro-xa-l. a . 3-tria*ol. 3-cxide 
*-«»««yl-4-brc a o- 1 H-x.,.3.tri.«8X. 3-cxide 
l-b««y 1 -4-».tho*y-iH-i. 2 . 3-tri«ol. 3-oxid. 



- 30 - 
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Co»pou„d, of th. 9 an.ral , tru «ure in are: 




^ which X ia on. of t*.- Allying o.ou P s: 
(-N-0» W -)„ f-CS'M,-),. 




P i« 1 or 2. 



Th* radicals R 1 to R» «„ k. 

o< o. _ are — - 

th—or Mino Hlfc Carb ° Xyl and Sal " — «t« 3 

' Mln0 ' nitr °' ^-1*1. C^-alkylo^y. 

•ulfaaoyl, carboao/1 »h« >. the "°<. 

; 1 pho " ptoono ' phecphcnecxy - - 
- - -id : r to ;^i- ino ' ~ - ~ — 
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which th. radical »» can h. on. oi tt . following greupa: 

haloes, hydroxyl, for^l, carboxyl and ..its .nd ..t.rs th.r.o, ' 

nitre. C.^-allcyl. carhonyl-c.-c-.lfcyl . ph.,,:, 

-ryl, .oirono, suir eno , s«Ui„o a„ d M t.r, .„d ,alt, th.r.or, and in 
vhich th. carbaaoyl. aulta^y! and ^ino croup, of th. radical r" can 
b. unsuhstitut.d or further, .cno-or disubstitut.d fcy the radicai 

and in which th. radical R M can on. or th. relieving g rcup s: 
hydrogen, hydroxyl, for.yl, carboxyl and salts and .stars thereof 
-.no. nitro, C-C-alkyl. C t -C.-. 1]t y loxy . carbonyl-C,-C.-al*yl, phenyl 
or aryl. 

Examples: 

l-Hydros7-b«Bxiaida*ol«s 

l-hydroxybenziaidazole-a-carboxylic acid 

1- hydroxybenziaidasole 

2- a«thyX-z-hydroxyb«nziaidarol« 
2-phenyl-i-hydroxyb*nziaidazole 

X-Kydrox7ijidol«» 
2-phenyl-i-hydroxyindola 

SubstancM of +h* ganaral foraula IV are: 
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in which X is on* of ths following groups: (-N-M-J , 
(-K-CR 10 -)., (-CR 19 »N-)., (-CR»-CR' 5 -). 



and n is l or 2. 

The above statements apply to the radicals R J to R 4 and 

R 10 to R 15 . * 

R 17 can be: hydrogen, C,-C l0 -al)cyl or 
C r C l0 -al*yl-carbonyl, the C^Cjo-alJcyl and C,-C w -al)cylcarbonyI of which 
can be unsubstituted or mono- or polysubstituted by a radical R u , 
which is defined as R 1 . 

Preferred substances of the formula IV are, in 
particular, derivatives of 1-hydroxybenzotrinzole and of the 
tautomeric benzotriazole 1-oxide and eaters and salts thereof 
(compounds of the formula V) 




23 - 



\ 



2164394 



The radicals R* to R* can be identical or different and 
independently of one another are one of the following groups: 
hydrogen, halogen, hydroxyl, formyl, carboxyl and salts and esters 
thereof, amino, nitro, C,-C u -alxyl, q-C^-aDcyloxy, 
carbonyl-Cj-C.-alxyl, phenyl, sulfono, esters and salts thereof, 
suifamoyl, carbamoyl, phospho, prosphsno, phosphonooxy and salts and 
esters thereof, and in which the amino, carbamoyl and suifamoyl groups 
of the radicals R J to R\ furthermore can be unsubstituted or mono- or 
disubstituted by hydroxyl, C-C,-alxyl or q-Cj-alkoxy, and in which the 
C,-C u -alJcyl, C.-C.-alkyloxy, carbonyl-C r C r alkyl, phenyl and aryl 
groups of the radicals R s and R 1 can be unsubstituted or furthermore 
mono- or polysubstituted by the radical R' 1 , and in which the radical 
R w can be one of the following groups: hydrogen, halogen, hydroxyl, 
formyl, carboxyl and salts and esters thereof, amino, nitre, 
c r c 13 -alxyl, q-C.-alkyloxy, carbonyl-Cj-Cj-alkyl, phenyl, aryl, 
sulfono, sulfeno, sulfino, and esters and salts thereof, and in which 
the carbamoyl, suifamoyl, and amino groups of the radical R" can be 
unsubstituted or furthermore mono- or disubstituted by the radical R lf , 
and in which the radical R lf can be one of the following groups: 
hydrogen, hydroxyl, formyl, carboxyl and salts and esters thereof, 
amino, nitro, q-Cu-alkyl, C,-c,-alkyloxy, carbonyl-Cj-c^alkyl, phenyl 
and aryl* 



2164394 



Examples: 

1H-Hyviroxyb»nsotriaxol«« 
l-hydroxyb«nzotriazol« 
1-hydroxybanzotriazole, scdium salt 
l-hydroxyb«nzotriazol«, potassium salt 
1-hydroxybenzotriazoie, lithium salt 
1-hydroxybenzotriazole, amaoniua salt \ 
1-hydroxybenzptriazole, calcium salt 



l-hydreocybenzotriazol«, aagnesiun salt 
l-hydroxybenzotriazole-6-sulf onic acid 
l-hydroxybenzotriazole-6-sulf onic acid, roonosodiua salt 
l-hydroxybenzotriazole-6-carboxylic acid 
l-hydroxybenzotriazele-6-N-phenylcarboxanide 
5-ethoxy-6-nitro-l-hydroxybenzotriazole 
4-ethyl-7-aethyl-6-nitro-l-hydroxybenzotriazole 
2 , 3-bis- (4-ethoxyphenyl) -4 f 6-<iinitro-2 , 3-dihydro-l- 

hydroxybenzotriazole ;1 : 

2 , 3-bis- (2-bromo-4-aethylphenyl) -4 , 6-dinitro-2 , 3-dlhydro-l- ~ r ^ ^-v~* 
hydroxybenzotriazola 

2 , 3-bis- (4-bromophenyl) -4 , 6-dinitro-2 , 3-dihydro-l-hydroxybenzctriazole 
2, 3-bis- (4-carboxyph«nyl) -4 , 6-dinitro-2, 3-dihydro-l- * V>2::; 

hydroxyb«nzotriazol« - ! 

4, 6-bis-(trifluorom«thyl)-l-hydroxybenzotriazole :f - : ^^;^&: ^ 
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6 -bromo-l-hydroxybenzotriazol« 

4 - broM-7-»thyl-i-hydroxyb«aotri«*ol« 

5 - b ro a o-7- a .thyl-«-ni«o-l-h y « i ro J cyb-nzctriarole 

4 - br0 mo-«-nitro-l-hydroxyb«nzotriazol. 
.-broM-4-nitro-l-hydroxyb.nxotri.xol. 

4- chloro-l-hydroxybenzottriazol« 

5- cfaloro -i-hydroxybenzotriazole 

6- chloro-l-hydroxyben=otriazole 
6 -chioro-5-isopro P yl-l-hydroxyb«nzotriazole 

5- chloro-6-B.thyl-l-hydroxybenzo«ia 2 ole 

6- chloro-5- M thyl-l-hydroxyb*nzotriazolo 
4.c h loro.7. B .thyl-6.ni«o-l- h ydroxyb.nzo t riazo 1 e 

4- chloro-5-».thyl-l-hydroxyb«nzotriazole 

5- chloro-4-aethyl-l-hydroxyb.nzotriazole 
4-cbloro-«-nitro-l-hydroxyb«nzotriazole 

6- chloro-4- n itro-l-hydroxybenzotriazole 

7- chloro-l-hydroxybenzotriazoia 
6-diac a tyia B ino-l-hydroxyb«nzotriazol« 

2 .3^nzyl-4, 6 -< i ini t ro- 2 . 3 -dihydxo.l.hydroxyb.nzc t riazole 

4 , 6-4ibroBO-l-hydroxybenzotr iazol* 
4 , 6-dichloro-l-hydroxybenzotriazole 

5 . 6- dichloro-l-hydroxy b«nzotriazol« 
4 , 5-dichloro-l-hydroxybenzotriazol. 

4.7- dichloro-l-hydroxyb«nzotriazol« 
5 ,7^ichloro-«-nitro-l-hydroxyb.nz 0 triazol. 
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3 . 1 -hydroxy t>tnzotri.zo 1. 

a - > ^-l a J~P*«»yX-«.»-dl»i tt ^ a . 3 -dihy-r a -I.h ytf ro^b,n„tr 1 „ol. 
«.6-dir.itro-i-hydroxy6«nsotrUxol« 

4 ' 4 - tf4 »'^.3-i-p-tolyl-a.3- dil i ydro . x . hyd „ l|yb . Bietr . i2ol# 

*- h y« te »si~-''-~««yl-4-nitro-x-hydroxyb.n S otri«cl. 
5 .«^i*-thyl-l-hy dr oxyb«nzotriaxoX« 
*-="«>' I-i -hydroxy b*nzotriaz 3 :« 
5-a««»yl-i-hydroxyo«niotri*2eI« 

«-s«thyl-i-hy<iroxyb«nrotri*rol« 
5-(l- a# thyl.thyl ) -i- h y droxyb . n j 0triajcl# 

<-~t*Yl-«-nitro-x-hydroxyb«nzotriazoXe 
' C-Mthy! -4-nitPo-x-hydroxyb.i«otri**ol« 
5-a«ti»oxy-i-hydroxyb«n20tri»zole 
«-a«tr.oxy-i-hydroxyb«n2otri*2oX« 
7-a«cay X -6-nitro-x -hydroxyb«nzocria so 1« 
<-*>itro-X-hydroxyb«nzorriazol# 
«-nitro-x-hydroxyb«nzotriazol» 
«-ni tro-4-phenyl-x-hydroxybenxotri.zoX. 
5-ph«nyX««thyX-x-hydroxyb.nzatriazcX« 
<-trifXuoroMthyX-X-hy(iroxyb«a,triazol« 
5-trirXuor«».ttyX-X-hydro X yb«nzotri*zoX. 
<-trifXuoroB«thyX-X-hydroxyb.nzotri*zoX« 
4.3.6, 7-t.tracfaXoro-x-hydroxybensotr XazoXa 
4.5.6. 7-t«tT»fl UO ro-i-hydroxyb«nzotria2ol e 
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«- t -««»«»ro,tl,yl-x- hydrojfyb-|| . otrl4Ml# 

^S.S-tricixloro-i-hydroxyb-njotriazol. 

«.<.7-trichloro-l-hydroxyl>.n 2 otri«sol. 

«-.«lf«ido-:-hydroxyb«„ 20triaxol- 

♦- ! ».M-di-thyl-, ua - Mido . 1 . hydrojcyb-a2otria2e ^ 

•*»--ttyl«l.-«ido-x-hydro«yb,«otri.«l. 

«-(lH-l. 2 .,-tri«oX-x.yX a .«y I) . 1 . hydrc:tyt>#aso . ri4joie 

'-<*.«.7.«-*.tr.hydroi ai d«o- U . S -.j. pyridia . 5 _. rl) ^ 
hydroxy b«n;ctria2ol« 

* yi) «WyX]-X-hy<lroxyb«i«ocria2ol« 

■cnohydrochlorid* 

»-««asotri«zol« l-cid., 
3H-b«n2otri*2ol« l-oxid« 
«-«c.tyl-3H-b«,«otri«oX. i-oxid. 
5-,taoxy-«-„it r o- 3H -b.„zotri*«o i « X ^ xi d. 

«-« i n o-3. 5 ^i». ttyl . 3 H.b. B ,etr i „ol. i-oxid. 
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5- bro»o-3H-b«nzotriaxoia l*oxid# 

6- bro»o-3H-b«n20tria2ol« l-oxid« 

4- broso-7-n«thyl-3H-b«ri2otriA2ol« 1-oxida 

5- bro:*o-4-c&loro-«-nitro-3H-b«nzotria2ola l-oxid« 

4- brcao-6-nitro*3H-b«n2otri*2ol« l-oxid« 

6- bro»o-4-nitro-3H-b*nzotr iazola 1-oxida 

5- chloro-3K-b«n2ocria2oi« 1-oxid* 

6- chloro-3H-b«n2otria2ol« l-oxid« 

4- chloro-6-nitro-3H-b«n2otriazol« 1 -oxide 
4 , 6-dibroao-3H-b«nzotria2oltt 1-oxida 

4 , 6-dibro«o-3-n«thyl-3H-b«nzotria2ol« l-oxida 

4 . 6- dichloro-3H-b«n20tria2ol« 1-oxida 

4 .7- dichloro-3H-b«nzotria2ola 1-oxida 
5, 6-dicMoro-3H-b«n20tria2ola 1-oxida 

4 . 6- dichloro-3-»«tiiyl-3H-b«nzo«:ria2ola 1-oxide 

5.7- dichloro-6-nitro-3H-b«n20tria2ola i-oxida 
3 , 6-diaathyl-$-nitro-3H-b«n2otriazola 1-oxida 
3 , 5-diaathy l-6-nitro-3H-b«nzotria2ola 1-oxida 
3*Mthyl-3H-b«nzoCria2ol« 1-oxida 

5- «athyl-3H-ban20triaiola 1 -ox Ida 

6- aathyl-3H-banzotriaxola l-oxid« 

6- »«thyl-4-nitro-3H-banzotriazola 1-oxida 

7- »athyl-$-nitro-3H-banzotriazola 1-oxida 
3-cbloro-6-nitro-3H-banxotria2ola l-oxida 
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2H-San«otriaiola l-oxidaa 

2-M-«eatoxyphanyX)-2H-b*nzocriazola l-oxida 
«-*catyla»ino-3-phanyl-2H-b«nxotriazola l-oxida 
2-(4-«ttylphanyX)-4.6-dinitro-2H-b«nzotriazola l-cxida 
2- ( 3-a«inophany I) -2H-banzotriazoia l-oxida 
2-(-»-«aincphanyi)-2H-banxotriazola l-oxida 
«-a»ino-2-phanyi-2H-banzotriaxola l-oxid« 

5-bro»o-4-cMicro-«-nitro-2-ph.nyX-2M-b«n20T:riarol« l-oxida 

2- (4-bremophanyl) -2H-banzotriazola l-oxida 

3- broao-2-phanyl-2K-banzotriazoXa l-oxida 
•-bro«o-2-phanyl-2H-banzoerie2oXa l-oxida 
2-{4-bro«cph«nyl)-4 # «-dinitro-2K-o«nzotria2ola l-oxida 

2- (4-bro»ophanyl)-«-nitro-2H-b«nzotriazol* l-cxid» 
5-c.iloro-2-(2-cftlorophanyl)-2H-b«nzotriazol« i-axida 
S-chloro-2-(3-chlorophanyl}-2H-tanzotriazola l-oxida 

3- chloro-2-(2-chlorophanyl)-2H-b«nzctriazola l-oxida 
5-chloro-2-(3-chlorophanyX)-2H-b«nzotriazol« l-oxida 
S-chloro-2- (2 . 4-dibro«ophany 1 ) -2H-banzotriazola l-oxida 
S-efcloro-2- (2 . S-di»athy lphany 1) -2H-banxotri*zola l-oxida 
S-chloro-2-(4-nitrophanyl)-2H-b«nzotriazola l-oxida 
S-chloro-«-nitro-2-plianyl-2H-b«nxotriazola l-oxida 

2-{4-(4-chloro-3-nitrophanylazo)-3-nitroph«nyl]-4,«-dinitro-2H- 
banzotriazola l-oxida 

2-(3-chloro-4-nitrophanyX) -4 . «-<iinitro-2H-banzotriazola 
X-oxida 
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,.cMo r o- € . nitr o-^- toXyl . 2H ^ nzetria2oU 
5-cMcro- 6 - nit ro. 2 . p - tolyl . 2H . ben2otr . a2oie 

2-(3-chloroph.„ yl ,. 2H . b . n=otria2cl- 
2-(4-chloroph,„yi,. ?H . b#n20trU2ol- 1-oxld# 
5 -chloro- 2 - ph . nyl . 2H . b#n2otria2oie ^^^^ 

2 -( 2 -c hl or 0plJ . nyl) - 4 . 6 . dinltro . 2H . ben2otria2eia 
2 -(4-cMorop h . nyl) . 4 , 6 . dlnltrc . 2H _ b-n=otriaieia 

**nzotria*ol« 1-oxid. " 2K 

^(^-chloroph.ny!,-^.^,^,,.^^^^^^ 

^O.chloropK^^^^^^,^^^^^^ 

^(4-ch i oro Ph .„ y a ) ^ thyl . 2H . b#njtotrlaaeu x ^ 

i-O-chlorop*.^, -«-nitro- 2 H-b.„xotri«ol. x-cxi*. 
*-H-clUoroph.„ y i, ^tw^^, 



- 31 - 



2164394 

«.5-dibro«o-«-nitro-2-p-tolyl-2H-b.nzotriazol. l-oxid. 

4.5- diclHorc-«-nitro-2-ph.nyl-2H-b«nzotri a 2ol« l-oxid. 
4 . 3-dichloro-«-nitro-2-p-tolyl-2H-b.nzotriazol. l-oxid. 
4.7-dichloro-«-nitro-2-p-tolyl-2H-b«nzotriazol e l-oxid. 
4.7-dia.thyl-6-nitro-2-ph«nyl-2H-b.nzotriazol« l-oxide 
2- (2. 4-di».thylph.nyl) -4 , 6-dinitro-b.nzotriazol. l-oxid. 
2- (2 , S-dia.thylph.nyl) -4 , 6-dinitro-2H-b.nzotriazol. l-oxid. 
2- (2 . 4-dia.thylph.nyl ) -«-nitro-2H-b.nzotriazol. l-oxid. 
2-(2.5-di a .thylph.nyl)-«.„itro-2H-b.nzotri»zol. l-oxid. 

4.6- dinitro-2-[3- n irro-4-( 1 i'-ph«n y ihy«irazino)-ph.nyl]-2H-b.„zotri a zol. 
1 -oxide 

4.«-di n itro-2-[4-nitro-4-(M'-phenylhydr a zino,-ph.nyl ] - 2K - ben „ tria2ole 

1- oxid* 

4.6-dinitro-2-ph«nyl-2H-b.nzot:riazol. l-oxid. 

2- (2 . 4-dinitroph.nyl) -4 . 6-dinitro-2H-b.nzotriazol. l-oxid. 
2-(2,4-dinitroph.nyl) -«-nitro-2.H-b«m»o«riazol. l-oxid. 
4,6-dinitro-2-o-tolyl~2H-b«nzotriazol. l-oxid. 
4,6-dinitro-2-p-tolyl-2H-b.nzotriazol. l-oxid. 

4 . 6-dinitro-2- (2 , 4 , 5-tria.thy lph.nyl) -2H-b.nzotriazol. l-exid. 
2- ( 4 -^thoxyph«ny 1) -2H-b.nzotr iazol • l-oxid. 
2-(4-»«thoxyph.nyl) -«-a«thyl-2H-b.nzotriazol. l-oxid. 
5-«.thyl-«-nitro-2-«-tolyl-2H-b.nzotri.zol. l-oxid. 
5-m.thyl-6-nitro-2-o-tolyl-2H-b.nzotri.zol. l-oxid. 
S-Mthyl-«-Bitro-2-p-tolyl-2H-b«nzotz-i*zol. l-oxid. 
«-«thyl-4-nitro-2-p-toiyl-2H-b.nzotriazol. l-oxid. 
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«-»«thyi-2-ph«nyJ-2H-b«nzotriazola i-oxide 

«-a«thyl-2-»-tolyl-2H-b«nzotriazola l-oxid« 

4-B«thyl-2-o-toiyl-2H-b«nzotriasol« i-oxid. 

«-»««hyl-2-p-tolyl-2H-b«nzotriazoIe l-oxide 

<-n«thyl-2-m-tolyl-2H-b«nzctriazol« l-oxid« 

«-"«tftyl-2-o-tolyl-2H-ben.:otriazole l-oxide 

«-Bethyl-2-p-tolyl-2H-to«nzotriazol» l-oxide 

2-n«phth-l-yl-4 . 6-dinitro-2H-b.nzotriazole 1-oxid. 
2-naphth-2-yl-4 , 6-dinitro-2H-benzotriazole l-oxide 
2-naphth- 1 -yl-6-nitro-2H-b«nzotriazola l-oxide 
2-naphth-2-yl-«-nitro-2H-benzotriazole l-oxide 
2-(3-nitroph«nyl)-2H^b«nzotriazol9 l-oxide 
«-nitro-2-phenyl-2H-benzotriazole l-oxide 
<-nitro-2-p-tolyl-2H-benzotriazole l-oxide 
«-nitro-2-o-tolyl-2H-b«nzotriazol. l-oxida 
«-nitro-2-p-tolyl-2H-benzotriazole l-oxide 
«-nitro-2-(2,4,5-triMthylph«nyl) -2H-bcnzotriazole l-oxide 
2-phenyl-2H-benzotriazola 1-oxido 
2-o-tolyl-2H-b«nzotriazole l-oxida 
2-p-tolyl-2H-benzotriazole l-oxide 

Compound, which are furthermore preferred ara 
heterocyclic compounds which contain at least one N-hydroxyl, oxi.e, 
»-cxy or N.N-dioxy function and a furth« r h.t.roatom, , uch „ Q# s 
or Ta, «„ch ..: aziridin.., diaziridin... pyrrole., dihydropyrrole.. 
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tetrahydropyrroles, pyrazoles, dihydropyrazoles, tetrahydropyrazoles, 
imidazoles, dihydroiaidazolas, tetrahydroimidazoles, 
dihydroiaidazoies, 1,2 , 3-triazoles, 1, 2,4-triazoles, tetrazoles. 
pentazoles, piperidinea, pyridines, pyrirtazines, pyrimidines, 
pyrazines, piperazines, 1,2,3-triazines, 1.2 , 4-criazines, 1.2.3- 
triazines, tetrazines, azepines, oxazoles, isoxazoles, tfciazoles, 
isothiazoles, thiadiazoles and morpholines, and benzcfused derivatives 
thereof, such as: indoles, isoindoles, indolizines, indazoles, 
benzimidazoles, benzotriazoles , quinolines, isoquinolines, 
phthalazines, quinazolines, quinoxalines, phenazines, b«nzazepin«s, 
benzothiazoles and benzoxazoles. 

Compounds vhich are likewise preferred are fused 
H-heterocyclic compounds, such as triazolo and tetrazolo compounds, 
vhich can contain at least one M-hydroxyl, oxime, N-oxy and N,H-dioxy 
function and, in addition to N, a further heteroatoa, such as 0, S, Si 
or Te. 



[1,2,4] triazolo[4,3-a] pyridines 
[1,2,4] triazolo[l,5-a] pyridines 
[1,2,4] triazolo[4,3-a] quinolines 
[1,2,4] triazolo[4,3-b] isoquinolines 
[1,2,4] triazolo[3,4-a] isoquinolines 
[1,2,4] tri*zolo(l,5-b] isoquinolines 
[1,2,4] triazolo[5,l-a] isoquinolines 
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triazolofi.S-a] pyridin.. 
11,2,31 tri »«loC4, 5 -bJ pyridin.. 
U ' 2 ' 31 ^WH.s-cj pyridin.. 

triazolo U , 5 - ft] quinolin.. 

11.2.4, triazolo t 4.3- bJ pyrid « in „ 
U ' 2 ' 41 ^"^tl.S-b, pyridazin.. 
f^«] triazoloC4,5.d] pyridazin., 
ri ' 2 ' 4J tri *«*°H.3-b] quinolin.. 
C1 ' 2 ' 4J «**»«olof3.4—i Phthalazin.. 
[1 ' 2 ' 41 tri »«lot^3-aj pyriaidinc* 
U ' 2 ' 41 tri "^I4.3-cj pyriaidin.. 
I1,2 ' 4J trl «^H > S-.J pyriaidin.. 
Ili2 ' 41 ^"lod^-cj pyriaidin.. 
tl.2,4J triazolo t 4,3- c] quinazolin.o 
triazoiod.s-a, quinazolin. 
triazolou.s-c, quinazolin. 
U ' 2 ' 41 ^"lotS.i-bl quinazolin. 
U ' 2 ' 3J ^ILHj pyriaidin.. 
CX.a.3] tri.aoaoU.s-e, oyri^.. 

11,2,33 ^'"M^-d, pyriaidin.. 
1*^3] tri«oloCi, S -., quinazolin.. 
tl,2 ' 3] tri *"lotl,5^:j quinazolin.. 
U,2 ' 4] *»**«olo f 4.3-., pyrazin.. 
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[1.2.4] triazolo[l,5-a] pyrazin.a 
[1.2,4] triazolo(l,5-a] pyrazin-a 
11.2.3] triazolo[4,5-b] pyrazinaa 
[1.2,4] triazolo[4,3-a] quinoxalin.a 
11,2.3] triazolo(l,5-a] quinoxalinaa 
[1.2.4] triazolo(4,3-b] [1,2,4] triazine 
[1,2.4] triazclo[3,4-c] [i, 2 ,4] triazine 
[1.2.4] triazolo(4,3-d] [1,2,4] triazine 
[1.2.4] triazolo[3,4-f] f i,2,4] triazine 
[1,2.4] tri.zolo[l.5-b] [1,2,4] triazine 
[1,2.4] triazolo[5,l- C ] [i, 2 ,4] triazine 
[1.2.4] triazolo[i, 5 -d] [1,2,4] triazine 
H.2.4] triazolo[4.3-a] (1,3, 5] triazine 
[1,2,4] triazolo[l.5-a] [1,3,5] triazine 
tetrazolo(l,5-a] pyridines 
tetrazolo(l,5-bj iaoquinolines 

tetrazolo[l.5-a] quinolinea 

tetrazolo(5.l-a] iaoquinolines 

tetrazolo[i,5-b] pyridazinea 

tatrazolo[i.5-b] quinolinea 

tetrazolet5.1-a] phthalazinaa 

tatrazolo[i, 5 -a] pyriaidines 

tatrazolo(l.5-c] pyriaidines 

tetrazolo[l.5-a] quinazolinec 

t«trazolo[l,5-c] quinazolines 
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tetrazolo[l.5-a] pyrazinas 

tatrazolo[l,5-a] quinoxalinos 

tatrazolo(i,5-b] [1,2,4] triazines 

tetrazolo[5,l-c] [1,2.4] triazines 

tetra2olo[l,5-d] [1,2,4] triazines 

tetrazolo[5,W] [1,2,4] triazinas 

Others: 

quinoline N-oxide 
isoquinoline N-oxide 

N-hydroxy-l ,2,3 , 4-tetrahydro-isoquinoline 
5-(N-oxy-l f 2,3,4-tatrahydroicoquinolinc)-propicnic acid * 
l,3-dihydroxy-2N-benzyliaido-benziaidazoline 

Tha r. :lti-coaponent systen according to the invention 
(d) coaprises, for exaaple, aliphatic ethers or aryl- substituted 
alcohols, such as, for example, 

2.3- diaethoxybenzyl alcohol 

3 . 4- diaethoxybenzyl alcohol 
2,4*diaethoxybenzyl alcohol 
2,6-diaethoxybenzyl alcohol 
hoaovanillyl alcohol 

ethylene glycol aonophenyl ether 
2-hydroxy benzyl alcohol 
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4 -hydroxy benzyl alcohol 

4-hydroxy-3-meChoxybenzyl alcohol 

2-nethoxybenzyl alcohol 

2,5-dimathoxybenzyl alcohol 

3 f 4-dime thoxybenzy laaine 

2 , 4-diaethoxybenzylaaine hydrochloride 

vara try 1 alcohol 

coniferyl alcohol 

olefins (a Irenes) 

for example 

2-allyphenol 

2-allyl-6-methylphenol 

allylbenzene 

3 , 4-dinethoxypropeny lbenzene 

p-aethoxystyrene 

1-allylimidazole 

1-vinyliaidazole 

etyrene 

etilbene 

allyl phenyl ether 
j benzyl cinnaaate 

; methyl cinnaaate 

{ 2 , 4 , 6-triallyloxy-l , 3 , 5-tr iaz ine 

j 

j 1 $ 2 , 4 - tr i viny Icy c 1 ohexane 

4-allyl-i,2-dimethoxyb*nzene 
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vinyl 4-tert-butylbenzoata 
aqua lane 

benzoin allyl ether 
cyclohexene 
dihydropyran 
N-benzylcinnaaanilide 

preferably phenolic ethers, such as, Zor cxaapla 

2.3- diaethoxybanzyl alcohol 

3. 4- dimethoxybenzyl alcohol 

2 . 4- dimethoxybenzyl alcohol 
2,6-diaethoxybenzyl alcohol 
homovanillyl alcohol 
4-hydroxybenzyl alcohol 
4-hydroxy-3-aethoxybenzyl alcohol 
2-aethoxybenzyi alcohol 

2.5- diaethoxybBnzyl alcohol 
3 , 4-diaethoxybenzylaaine 
2,4-dinethoxybenzylaaine hydrochloride 
veratryl alcohol 

conif eryl alcohol 

veratrole 

anisole 
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pr.f.»bly c „ bo „ yl COBpounds ^ ^ ^ 

4 -»ainob«nzoph«nona 

4-acatylbiphenyl 

bensophenone 

banzil 

benzophenona hydrazona 
3 , 4-dinethoxybanzaldahyde 
3,4-diaethoxybanzoic acid 
3 , <-aia«thoxybanzophenona 
4-diaathylaainobanzaldehyde 
4-acetylhiphenylhydrazene 

benzophenona-4-carboxylic acid 
benzoylacatone 

bis-(4,4'-di a ethy laai no,-b.nzopha n ona 
benzoin 

benzoin oxiae 

M-benzoy 1 - M -p henylhydroxylaaina 

2- aaino- 5 -chlorobanzophenona 

3- hydroxy-4. a „ tho3cyban2aldehyda 

4- mathcxybanzaldahyde 

anthraquinona-2-sulfonic acid 

4-aathylaninobanzaldahyda 
banzaldahyda 

banzephanona-2-carboxylic acid 

3.3' > 4,4--ba„zop h . ne „at.tracarboxylic acid dia„*ydrida 
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(•)-(-)-2- ( i,-b. n zyip rop y 1 ,. aaineb-n;:ephenone 

b«n2ylp h «nylac*t«nilid« 
N-b«nzylb«nz«ailid« 

4 ' 4 '- bl -W»-ttyl«l«oi-tlii.i«„oph«on. 
4 . 4'-bi,- <di*cty Wno) -b*„, 0 ph.„on« 

2-chlorob«n2oph«non« 

* . 4 '- <1 iJ»ydroxybenzoph« n0 n. 

2.4- dihydroxytoenjoph.non. 

3. 5 - di a . t& oxy- < ,-hydroxybe„z. J d«hyde hydr« inc 
< -hydroxy b.n2oph« none 

2-hydro J cy-4- a « hojC y b . n „ p;ienona 
4 -n^thoxybenzophenone 

* 

3 ^-dihydroxybenzoph.none 
p-anisic acid 

p-anisaldehyde 

3 , <^ifcydroxyb«n2ald«hyda 

3.4- dihydroxybenzoic acid 

3 , ^"•thoxy-4-hydroxybenzaldehyde 

3.5- d iM thoxy-4.hydroxyb*nzoic acid 
4 -hydr oxybenzaldahyda 

»*licylaldehyd* 
vanillin 

vanillic acid 
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In *ob« C4sts, a further increase in the activity of 
the multi-ccmponenr systea according to the invention can be achieved 
by the multi-component mystea also comprising, in addition to the Hg-"* 
ions, completing agents, such as, for example, 

ethylenediaainetetraac*:cic acic (EDTA) , diethylenetriaainepentaacetic 
acid (DTPA) , hydroxy jthylanediaminetriacctic acid (HEDTA) . 
diethylenetriaainepentaaethylenephoaphonic acid (DTMPA) , 
nitrilotriacetic acid (NTA) , pclyphosphoric acid (?PA) and the Xiice. 
The concentration is in the range from 0.2 to 5 mg/g of lignin- 
containing material, preferably 1-3 ag/g. 

The multi-component system according to the invention 
is used in a process for the treatment of lignin, for example, by 
mixing the components a) to e) as defined above selected in each case 
with an aqueous suspension of the lignin-containing material 
simultaneously or in any desired sequence. 

A process using the multi-component systea according to 
the invention is in the presence of oxygen or air under norral 
pressure up to 10 bar in a pH range from 2 to 11 at a temperature from 
20»C to 95»C # preferably 40*C to 95»C, and a pulp consistency of 0.5\ 
to 40% by weight is preferably carried out. 

An unusual and surprising finding for the use of 
enzymes in bleaching pvlp is that when the multi-component system 
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"hicti is possibi.. ?P * r,du «ion 

««rpci..«ngi y# M incr.a.ad pu i p conci ,_ 
to a b«tar activity of t* , . «"i««ey ttu . 

A procaa* according to the ii> VM .< 
carri^i out at »u"i„ *«v,ntlon is pr.f.r.bly 

« pulp con.ist.ncia, of 12 » to 15 , by 

°y weight, for economic r.ason*. 

— , - r ; :; ;;*;;: - - - - • — «- » « ... 

W **' for «*"ple 20TA or DTPM t* 
Pr«.r.M„ „. lt/M „ „.„ /to »'"• ■«.«««•, 

*— - «.»« » « w „ t r " ra * 
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0»5 to 80 bo n f m_i i 

invention. o - to An ««ordi«, to «!• 

"-Serial , ' "Vun-esntaining 

Ul *" preferably . =Floyrt . 

Mini of th« iult< 

invention ltlu . ^ti-co«po„. at *y« accord!*, to 

«-Pl«.lr .urpri.in, re.ult of , r>du «" 

« to io WtMn l to 4 ho , ^ nWa3 * r fXea 4bout 

Cot-wood, ^ "'^^ ° f 

considerable auction i„ «. r-9lCn ° f • bOUS 15 ». * 

auction i„ the concentration of cooporvn- e , 
*i«9 POMiM. by Edition of ^ ' C ' <~«»*tor> 

addition of exponent, d, and „ ^ 

* tU,MM reducing acents . 

the oxidixina ' t °9« tft ** vith 

*«ixia, « 9 . nt , p,.,.^ e.tabi< an a 

P«-"tm. can • t * ,1 * Sh * WiCal " «*« 



R ** UC1 " 9 «Wch can be «-,iov,d ar. ^« 

"""Pound, of alutathione and tho 11*.. 
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The reaction proceeds with the addition of oxygen or 
under an increased oxygen pressure in the case of laccase, and with 
hydrogen peroxide in tha case of the peroxidases (for example Ugnin 
peroxidases or manganese peroxidases) . The oxygen can also be 
generated here in situ, for exaj.pl. , by hydrogen peroxid. ♦ catalase. 
and the hydrogen peroxide can be generated in situ by glucose + cod cr 
other systems. 

Agents which form free raaicals or agents thich trap 
free radicals (trapping of, for example # OH or CCH radicals) can 
furthermore be added to the system. These can improve the interaction 
between the redox and free radical mediators. 

Other metal salts can also be added to tie reaction 

solution. 

These ara important, in interaction with chelating 
agents, as agents which form free radicals or red\ox- centers. The 
•alts form cations in the reection solution. Such ions are, inter 
alia, Fe>\ rV, Kn'% Hn% Cu*\ Ti>% cer*~ and Al>*. 

Tfce chelates present in the solution can furthermore 
•erve as r.lmic substances for the enzymes, for example for the 
laccase* (copper complexes) or for the Ugnin peroxidases or manganese 
percxida.es (hesNKamplexe.) . Mimic substances ara to be understood as 
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r«actiona. * ' oxxCAt ^ 

ri~u,. it i. .u, p„„ lbl . 



tor th« tnzyMs. 



«wiy ■•rv. *, prot^ctiv* colloid. 
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«■» >» ~««..r. p r o« uc „ 

« -Ci... «. «. u , Bi „ by 

oth.r po.. iM . prMTCtlv . „ llold , m ^ 
«• -PP.. 1. * *« " " 

**• tt " t *"' - * «*-«- — tl „„.. . 1U1 „ . rt . r 

r^r * ra,CTion o< — - »-» «- — « «... 
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has already been mentioned, an acid washing or Q stage (chelating 
stage) can also be carried out. 

In the "liquefaction" of coal (bard coal, brown coal), 
a similar process procedure as for delignif ication (bleaching) of wood 
or annual plant pulp is carried out. 

Other objects and features of the present invention 
will become apparent fron the following Examples, which disclose the 
preferred embodiments of the present invention. It should be 
understood, however, that the Examples are designed for the purpose of 
illustration only and not as a definition of the limits of the 
invention. 

EXAMPLE 1(1 

Example: Easysatic bleaching of sulfate pulp. 

Example 1* 

30 g of dry weight pulp (softwood 0, delignif ied) , pulp 
consistency 30% (- 100 g moist) axe added to the following solutions: 

1) 150 m*g of hydroxybenzotriazole (HBT) , 15 mg of 

benzotriazoie (BT) and 3 mg of benzophenone (B) are added to 120 ml of 
tapwater, while stirring, and the pH is adjusted with 0.5 M H,SO« such 
that pH 4.5 results after addition of the pulp and of the enzyme. 
4,000 iu (1 IU m conversion of 1 mM ayringaldazine /minute /vl of 
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•nzy»e) of l.cca.e fro. coriolu. versicolor are added per <j of pulp. 
The solution i, topped up to about 20tfl and the pulp is added. The 
mixture is nixed vith a dough Jcneader for 2 ainutes. 

The pulp is than introduced into a reaction bomb 
preheated to 45-C and is Incubated under a pra.sur. in the range of 
1-10 bar for 1-4 hours. 

Thereafter, the pulp is waahed over a nylon screen (30 
and extracted for 1 hour at 60-C at a pulp consistency of st with 
2% of MaOH per g of pulp. 

( 

After renewed washing of the pulp, the kappa number is 

determined, 
(see Table 1) 
(see Table 2) 

Modification* rn~ f^ aBP ^/ T?irr1ft ? . 

vith 75 mq of hydrojtybenzotria^ole, 7.5 09 of 
benzotriazole and 0.02 »g of veratryl alcohol. 
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EXAMPLE 1 

Kxamplet KarpiAtic bleaching of sulfate palp. 

30 g of dry weight pulp (softwood) , pulp consistency 
30% (- 100 g moist) art added to the following solution: 

60 mg of DTPA and 15 mg of XgSO, are added te 120 ml of 
tapwatar, while stirring. The pH is adjusted with 0.5 M HjS0« such 
that pH 4.5 results after addition of the pulp and of the enzyme. 
4,000 IU (1 IU - conversion of 1 M M syringaldazine/ainute/»l of 
enzyme) of laccase from Coriolus versicolor are added per g of pulp. 
The solution is topped up to about 200 ml and the pulp is added. The 
mixture is nixed with 5 dough kneader for 2 minutes. 

Thereafter, the pulp is introduced into a reaction bonb 
preheated to 4 5 # C and is incubated under a pressure in a range of l-io 
bar for 1-4 hours. 

The pulp is then washed over a nylon screen (30 jim) and 
extracted for 1 hour at 60«c at a pulp consistency of 8% with 2% of 
HaOH per g of pulp. 

After renewed washing of the pulp, the kappa number is 

determined. 

The results are reported in Table 3. 
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Example: Baxyaatic bleachiag of .alfmt. pulp, with a prior Q 

stage. 

30 a; of dry weight pulp (softwood 1 and softwood 2). 
pulp consistency 30* (- ioo g moist) are added to the following 
solutions: 



1} Q ata 9« ! 90 »9 of DTPA ara added to 120 ml of tapwater 

and the pH is adjusted with 0.5 M H 2 S0 4 such that pH 4.5 results after 
addition of the pulp. The solution is topped up to about 200 »1 and 
mixed with a dough kneader for 2 minutes. 

The pulp is then left in a closed glass beaJcer at 90«C. 

It is then washed thoroughly (tapwater). and the pulp 
is brought to a pulp consistency of 30% and added to the following 
solution: 

2) Laccase/ extraction stage: 300 ag of 

hydroxybenzotriazole are added to 120 nl of tapwater, while stirring. 
The pH is adjusted with 0.5 M H,SO< such that pH 4.5 results after 
addition of the pulp and of the enzyme. 4,000 1U (1 IU - conversion 
of i „M syringalda^ine/minute/ml of enzyme) of iaccase from Coriolus 
versicolor are added per g of pulp. The solution is topped up to 
about 200 ml and the pulp is added. The mixture is nixed with a dough 
Jcneader for 2 minutes. 
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Thereafter, th. pulp i. introduced into a reaction bomb 
preheated to 45-C and is incubated under a pressure in the range of 
1-10 bar for 1-4 hours. 



Thereafter, the pulp is va.hed over a nylon screen po 
J») «d extracted for l hour .t M -c at a pul P consistency of a% with 
2* of NaOH per g of pulp. 

After renewed washing of the pulp, the Xappa number is 
detarained. The kappa nuaber after the Q stag, is d.terained in ' 
parallel batches. The results are reported in Table 4. 

Bxaaple, Ensyaatic bisecting and sulfate pulp. 

30 g of dry weight pulp (softwood l/softwood 2). pulp 
consistency 30% ( - X0 0 g ao i,t, are added to the following solutions: 

300 ag of hydroxybenzotriazole (softwood i) and 150 or 
300 ag of hydroxybenzotriarole (softwood 2) are added to 120 al of 
tapvater. while stirring, and th. pH i, adjusted with 0.5 m H,so 4 such 
that P H 4.5 result, after addition of the pulp and of the enzyae. 
4.000 ID (l iu - conversion of l ;iM .yringaldarin./ainute/al of 
•nzya.) of laccas. froa Coriolu. versicolor are added p« g of pulp. 
The solution is topped up to 200 al and the pulp i, add . a . 
aixture is aixed with a dough kneader for 2 ainutes. 
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At a pulp consistency of 35%, 30 g of bone dry * 100 g 
of moist pulp are added to 200 g of the total amount, i.e. 80 nl of 
tapwater are taken and are topped up to 100 al. The procedure is 
otherwise as for a 10% pulp consistency. 

Thereafter, the pulp is Introduced into a reaction bomb 
preheated to 45»C and is incubated under a pressure in the range of 1- 
10 bar for 1-4 hours. 

Thereafter , the pulp is washed over a nylon screen (30 
pa) and extracted for 1 hour at 60*C at a pulp consistency of 3% with 
2% of NaOH p«r g of pulp. 

After renewed washing of the pulp, the kappa number is 
determined. i - 

The results &re reported in table 5. 
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*> o value 11 m . am<?n fissada£lsE_i 



2) 1.+5 «g of 

HBT/ g , $ 

3) L»5 sg of 
HBT/g 

6.9 



10 



5.6 



4.9 



9.1 



47.3 



54.5 



8.5 



22.8 



4 ) L*5 ng of 
HBT/g 

5) L>5 ag of 
HBT/g 

*BT/B 

2-)3.) under a pressure of io bar 44 * 6 
<-)5.) air 

B " ^nzophenone 
L » laccase 
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SWT: 37.2% without Q and 47.2% wih Q 
SW2: 27.8% without 0 and 36-6% wtn Q 

EXAMPLE 5 
TABLE 5 

Kappa Mort Kappa aftw Piip con- Ugnn 

Sffifiia (PiqCfcO *xTractlcn srsteoev wmogai \ 

i 
i 

OvmlutSWl 2S.7 26.8 66 j 

10 mg of 
HBT/g 

SW1 21 17.8 10 38 

10 mg of 
HST/g 

SW 1 18.9 14.8 15 47.7 

0 vaiue SW 2 15 14.1 6 

5 mg of 

H8T/g 

SW 2 10J 7.2 10 52 

5 mg of 
H8T/g 

SW2 7.B 5.4 15 64 

10 mg of 
HBT/g 

$W2 7 5J 10 66 
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* dough 

for ,T l * ^ ov. r . 

1 hour at- * r * nyi on « 

— - . « " • -uj, m t: "° - - 
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Xtzmr r«nav«d washing of tha pulp, tha fcapp* nur ^ r i3 
determined, (sea Table 6). 

TABU * 

Kappa (pulp) Kappa (pulp) 



Lignin peroxidase 



15.2 



11.3 



Per ox Idas* ( horset ad i ah ) 
19036 Serva 15.2 



11.75 



Tyros ina»* 
T-7753 Sig&a 



15.2 



11.35 



La cease 10000 IU 
La cease 1000 IU 



15.2 
15.2 



5.5 
10.0 



EXAMPLE 7 

baatpla: SnsyMtie bleacaiag of sulfate pulp. 

30 g of dry weight pulp { so ftwood/ hardwood ) . pulp 
consistency 30t (- 100 g iclit) axe added to the following solutions: 



X) 300 *g of hydroxyban*otriaxole ara addad to 120 ml of 

tapw.ter. vhila atirring. and tha pH is adjusted with 0.5 M H,S0< such 
t*at pH 4.3 result* aftar addition of the pulp and of tha enzyme. 
20000 IU (IU - convarsion of 1 m* of syringaldarine/ainute/nl of 
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• i«r ar« addad p«r q ot pulp- 

- - - r;:::r ^ - — • ~ 

TO .„.«.r. «M f » „„. „« >- 

10 bar for 1-4 boors. 

, «. then washed over a nylon s<= 
•ma pulp i» «« n v t n 2t of 

, x hour a* 60 *C a, • P^P consist.ncy of « 
•xrracted for 1 hour at o 

MaOH p*r q of pulp, 
determined. 

Tin t». ~" °« "* ■* i ~ 4 - 

hardwood and fro» ao *° 

fcl -» c aiJi9 of straw pulp. 
309 of dry woioht .«.« POIP. P ul " 
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that pH 4.5 results after addition of the pvlp and of the enxyse. 
20000 IU (IU - conversion of 1 jaK of syringaldaxine/ainute/al of 
anzyraa) of laccase from Coriolua varsicolor ara addad par g of pulp, 
Tha solution is toppad up to about 200 al and the pulp is addad. The 
nixture is nixed with a dough Juiaadar for 2 ainutes. 

Thareafter, tha pulp is introducad into a reaction bonb 
preheated to 45 # C and is incubatad under a pressure in tha range of 
10 bar for 1-4 hours. 

Tha pulp is then washed over a nylon screen (30 m») *nd 
extracted for I hour at 60-C at a pulp consistency of 8% with 2\ of 
NaOH par g of pulp. 

After renewed washing cf tha pulp, tha kappa nuabar is 

determined. 

A reduction in tha kappa nuabar fron 65 to 14 was 

achieved. 
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Example* amsymatic blaacaixg of audita pulp. 

30 g of dry weight pulp (sulfite pulp) , pu lp 
consistency 30% (- loo g moist) are Added to the following solutions: 

X) 300 »9 ot hydroxybenzotriazole are added to 120 al of 

tapvatar. while stirring, and the pH is adjusted with 0.5 K HjSQ. such 
that pH 4.5 result* after addition of «e pulp and of the enzyme. 
20000 IV (IU - conversion of 1 mM of syringaldazine /minute /ml of 
enzyme) of laccase from Coriolus versicolor ars added per g of pulp. 
The solution is topped up to about 200 al and the pulp is added. The 
mixture is mixed with a dough taeader for 2 minutes. 

Thereafter, the pulp is introduced into a reaction bomb 
preheated to 4S-C and is incubated under a pressure in the range of 
1-10 bar for 1-4 hours. 

The pulp is then washed over a nylon screen (30 m») and 
extracted for 1 hour at 60*C at a pulp consistency of 8% with 2* of 
KaOH per g of pulp. 

After renewed washing of the pulp, the kappa number is 

determined. 
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A reduction in the Jcappa number from 15.5 to 5.2 was 

achieved. 

PIMPLE 10 

tosymatic bleaching ox sulfate pulp (sof tvood/O^ delignif ied/aaxeiwod 
(2-fold tzutatnt)) 

30 g of dry weight pulp (hardwood or softwood) # pulp 
consistency 30% (- 100 g moist) are added to the following solutions: 

I) 300 mg of hydroxybenzotriaxole are added to 120 ml of 

tapwater, while stirring, and the pH is adjusted with 0.5 n h^SO, such 
that pH 4.5 results after addition of the pulp and of the enzyme. 
20000 IU (IU - conversion of 1 m« °* syringe ldazine/minute/ml cf 
enzyme) of laccase from Coriolus versicolor are added per g of pulp. 
The solution is topped up to about 200 ml and the pulp is added. The 
mixture is nixed with a dough kneadar for 2 minutes. 

Thereafter, the pulp is introduced into a reaction bomb 
preheated to 45*C and is incubated under a pressure in the range of 1- 
10 bar for 1-4 hours. 



The pulp is then washed over a nylon screen (30 gm) and 
extracted for 1 hour at 60 # C at a pulp consistency of 8% with 2% of 
HaOH per g of pulp* 
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a) Directly after the incubation, enzyme + madiator «re 
added, without washing step, tha mixture is mixed (2 minutes) and the 
reaction is carried out again (sue dosage as the first treatmenc) . 

b) Directly after the incubation, aft*r the washing 
step and pressing out of the pulp to a pulp consistency of 30%, the 
reaction, is carried out again by adding all the components. 

c) After incubation, after washing of the pulp, and 
after extraction and renewed washing and pressing out of the pulp to a 
pulp consistency of 30%, the reaction is carried out again by adding 
all the components: 

Hardwood Softwood: 

reduction in kappa number reduction in kappa number 

a) 15 to 5 a) 15.5 to 4.2 

b) 15 to 3.5 b) 15.5 to 3 
C) 15 to 2.5 c) 15.2 to 2.2 

lacampl*: fasymatic bleaching of mechanical wood pulp 

30 g of dry weight mechanical wood pulp (spruce), pulp consistency 30% 

{- 100 g moist) are added to the following solutions: 

*> 300 *9 of N-hydroxyhexahydroaxepine are added to 120 ml 

of tapvatar, while stirring, and tha pH is adjusted with 0,5 H h^S0 4 
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■uch that P H 4.3 results after addition o£ the pulp and of the enzyse. 
1000 10 (iu - conversion of 1 of syringaldazine/ainut./al of 
enzyme) of laccase fro. Coriolus versicolor are added per g 0 f pulp. 
The solution is topped up to about 200 »1 and th.. pulp is added. The 
■ixture is nixed with a dough taeader for 2 ainutes. 

Thereafter, the pulp is introduced into a reaction boob 
preheated to 4S-C and is incubated under a pressure in the rang, of 
1-10 bar for 1-4 hours. 



The pulp is then washed over a nylon screen (30 jia) • 

An increase in brightness of 7* ISO was achieved. 

While only a single eabodiaent of the present invention 
hac been shown and described, it is to be understood that »any changes 
and modifications may be B ade thereunto without departing from the 
•pirit and scope of the invention as defined in the appended claims. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILECE IS CLAIMED ARE DEFINED AS FOLLOWS: 



L. 



1. A system for modifying, degrading or bleaching 
lignin, lignin-containing aatarials or similar substances/" which 
comprises, as a aulti-componant system, 



catalyst; 



(a) if appropriate at least one oxidation 



(b) at least one suitable oxidizing agent; 



(c) at lease one mediator selected from the group ^^^;:>Ka^-^v: 
consisting of hydroxy lamines, hydroxy lamine derivatives, hydroxaaic ■-JS^;A^^^^t^ f . 
acids, hydroxaaic acid derivatives and aliphatic, cycloaliphatic/- v^^v^^^^p? 
heterocyclic or aromatic compounds which contain at least one N- 
hydroxy, oxiae, N-oxy, or N,N* dioxy function; . " ; .. ' 7/ '- ^ r ' " 



(d) if appropriate, at least one comediator 
selected froa the grcup consisting of aryl-substituted alcohols, 
carbonyl compounds, aliphatic ethers, phenolic ethers olefins 
(alfcenes) and the aixtures thereof; and 

(e) a saall aaount of at least one free amine of a 
mediator employed in each case. 
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2. A muiti-component system as claimed in claia 1, 
further comprising Kg" ions, in addition to the' 



. i 



components (a) to (•) . 



3- A multi-ccmpcnent system as claimed in claim l. 



^Mm'::^ y - ' vherain an oxidation catalyst is employed, and ' ' ' 7 - ?^^^ 



.... ;W^J^^erV 

«id oxidation catalyst comprises an oxidoreductase ot clasps l.i.f^^^^S^ 
1.97. .-.v-w: 

: _ : J z - 

' '-V . ' 

4. A aulti-coaponent system as claiaed in claia 3 ^'^SIHB? 



. , . — • — - .......... _*n*v*r*-i---:v?:-. 

:;^r/ .;.*.; :. in wnich »" oxidoreductase which uses oxygen. : \ ~ 

peroxide or quinone as an electron acceptor is eaployed. 9^ ^ ! f§8§lp 




is employed as the oxidoreductase. r : .;>;;^; !3 g^ 



6. A aulti-component system as claiaed in claia i, 
in which an N-hydroxyl, oxiae, N-oxy. or N.N'- 



dioxy coapound or hydroxyaaic acid derivative in a 
one-coaponent or aulti-coapon.nt sy.tea is employed as the 
NO-, NOH- or H-NR-OH-containing aliphatic, cycloaliphatic, 
heterocyclic or aroaatic coapound. 
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7. A multi-component system as claimed in claim 6, 
in which as the NO-, NOH- or H-HR-OK containing 
ompounds a hydroxyzine of the general formula I is employed 



1 l 

N 

I 

OH 



1 



in which, in the general formula I , the substituents R 1 and R\ which 
can be identical or different, independently of one another are one of 
the following groups: hydrogen, q-C^-alkyl, carbonyl-C r C.-al*yl, 
phenyl or aryl, the C,-C u -alkyl, carbonyl-C t -C,-al*yl, phenyl cr aryl, 
of which can be unsubstitutad or furthermore mono- or pciysubstituted 
by the radical R\ and 

in which the raaical R* can be one of the 
following groups: hydrogen, haJogen, hydroxy!, forayl, carbcxyl and 
salts and esters thereof, amino, nitro, C r C n -alXyl, C,-C t -*Ucylo*y , 
carbonyl-C-C.-alxyl, phenyl, suifono, eaters and salts thereof, 
sulfamoyl, carbamoyl, phospho, phospnono, phospoonooxy and salts and 
e*t«ra thereof, in which the amino, carbamoyl and sulfaaoyl groups of 
the radical R J furthermore can be unaubstituted or mono- or 
disubstituted by hydroxyl, C r C,-al3cyl or C r c,-aDcoxy, and 
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in which the radical* R 1 and 9r together can Jsrs * 
group -B-, and -B- is on* of the following groups: 

or (-CK*-CH-)., and in wnicn K* is * sufcetit^r.t ;* 
defined as R\ and n is an integer froa 1 to 6 and a is an integer 
fro* 1 to 3. 

8. A ftulti -component syste* as claxMd itl c:j;j 4. 

wherein as the NO- , MOM- . or KKK-Cri-^sr.tainirx? 
coMOcends a substance of the general formula 11 is «ep:c?«-a 




in which X is one of the following groups: <-***-), 



or 
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mad p. is r or 2, 



is 



radicals f to ff*, x" 



ba identic*! or 



IS 



or tits following 
aitzo. Ci-Co-sliyi- q-c»-«ii7iM7/ . •t':J:. : '.' fT; 



usa tosiyl^fi-QTsttTl. , pba«*l/ a»lX«v 



sad: salts" tfcaxaaf; 



smlfaaoy) 



, : phf^r^ : ' HS£fia£sr ■ pbe^toncexy salts, and. ; 
.. sad in ^ic* ^'aaix»,Vcsxaasoyi: atrf 'sj^wyl groups 
radicals **©**». 'and ^tsatS»am can ^ *BS«tatit»**d 
£''or disotatltstad toy hydroxy!. Cj^-*l*yi. C,-Ci-ali©xy, and 



?v- ■;jif 1 .'|;M»«* _ * 

• .;.* ■-. *v."ji / 

■ ... --^.'-^ ; -•^^.^y^^ 
^VF, 1 . 



ba ldOTrjc^j di« arant and indapandantly 
following <ji uu^* s o g an . faalogan, hydroxy!, foray 1# 



in wtilc2> t±* radlral» *^ and «* can f ora a coroo n 
ant HS- lc cea of t^:fcii»ii»g qrt*x?*z 
) or (-<aScs^-<a^^-) ; 
t&a radical* a* to R* 
of ooa of 1 

uarterrl sad salts and altars tfcaraof. aaino. nitro, CJ-Cfl-alXy 1 # 
Q^4l*yl«y. cartanfl-C,^-^^- |*«yl. solfono, astar* and salts 
Cfearaof; aalfaaoyl, carfaaaoy 1 ; pbca$dbo, pbcapbcoo, pfeospbonooxy and 
^te'^:«tcrs tfcawof, In-%*iir4i tho amino, carbaaoyl and 

of tfca radicals to * fartbaraora>can ba 
ta^w W a* «a fcaLl t atad by b r d- ixr/ 1 , fi-^-aiacy 1 or 



' ' '■■■'■ ! *3<i ,; w» *>*Vr>\ 




... 



i--- *.". 
.... T*v: : *^ii;*rt'" 1 
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carbonyl-C^C^aDcyl, phenyl and aryl groups of the radicals R J and R* 
can b* unsubstituted or furthermore Bono- or poly substituted by the 
radical R", and 



groups: hydrogen, halogen, hydroryl, forayl, carbcxyl and salts and 
esters thereof, anino, nitro, C,-C u -al)cyl # C,-c;-al)cyloxy , 
carbonyl-C t -c;-alXyl, phenyl, aryl, and esters and salts thereof, and 

in which the carbamoyl, sulfa&oyl and amino groups 
of the radical R" can be unsubstituted or furthermore mono- or 
disubstituted by the radical R'\ and in which the radical R" can be 
one of the following groups: hydrogen, hydroxyl, foray 1, carboxyl and 
salts and esters thereof, aaino, nitro, Cj-Cjj-alkyl. C,-C % -alXyloxy # 
carbonyl-C,-C,-al)cyl, phenyl and aryl* 



in which the radical R 11 i, 



s one of the following 



9. 



A aulti-coaponent systea as claiaed in claia 6, 



as the NO-, KOH-, or H-NR-OH-containing compounds 
wherein a substance of the general foraula III is 



employed 



R 
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in which X is one of the following groups: (-N-K-1, 
(-N-CR 1 *-),, (-CR^N-),, <-Ca n -CR ;, -) f 



■S - N 



or 



and p is 1 or 2; 

the radicals ft 1 to R i: can be identical or different and independently 
of one another are one of the following groups: hydsogen, halogen, 
hydroxyl, forayl, car boxy 1 and salts and esters thereof, aaino, nitro, 
C,-C l2 -alXyl # C,-C;-al)tyloxy, carbonyl-^-C^alkyl, phenyl, aryl, 
sulfono, esters and salts thereof, sulfaaoyl, carbamoyl, phespho, 
phosphono, phosphonooxy and salts and esters thereof , and the anino, 
carbaaoyl and sulfasoyl groups thereof can furthermore be 
unsub9tituted o* Bono- cr disubstituted by hydroxyl, 
C,-C,-al)tyl or C,-C,-al)coxy # and in which the C,-C l2 -*lJcyl # 
C,-<V-alkyloxy, carbonyl-C^^-aDcyl, phenyl and aryl and 
aryl-C,-C,-alkyl groups of the radicals K 3 to R a can be unsubstituted 
or furthermore Bono- or poly substituted by the radical R*\ and 



in which the radical R u can be one of the 
following groups: hydrogen, halogen, hydroxyl , forayl, carboxy 1 and 
salts and esters thereof, aaino, nitro* Cj-CQ-alXyl, C^C^-alkyloxy , 
car bony 1 -C t a Iky 1 , phenyl, tryl, sulfono, sulfeno, sulfino and 
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•stars, and in which th« carbamoyl, sulfaaoyl, and amino groups of the 
radical R" can b# unsubstituttd or furtharaors so no- or disubstitutad 
by tha radical R w # and 

in which zhm radical R M can b« ont of tha 
following groups: hydrogen, hydroxy 1 # forxyl, carboxyl and salts and 
•star ; thereof „ amino, nitro, C,-C u -alkyl f C,-C»-elkyloxy , 
carbonyl-Ct-^-alkyl. phenyl , or aryl. 

10. A Buiti-ocOBponant system as claiaed in claia 

f. 

wherein as th« NO-, NOH- or H-NR-OH-containing 
compounds a substance of tha general foraula IV is eaployad 




in which X is one of th* ."allowing -groups: (-N-M-) , 
<-N«CR*-) # , (M**^N-) f , (-C^'-CR 13 -),, 
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an p U 1 or 2; 

« 0 W to tlx. radical. R* « R* 

»nd R" " 

/■ -c -alKYl or 

C-C-aXXvl-rbcnyX. C. . ^ w . ra di«l ' 

which U d«Cin«d « 



t «««« " clai ~ d l " C 
1X . K »ulti-co.pon«nt »Y»" 

H _HR-OH-cont»ininq 



no- . hoh- or 
employe 

3 

R 
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in which the radical* R 1 to R* can be identical or difr«rent and 
independently of one another art on« of the following groups: 
hydrogen, halogen, hydroxyl, forayl, carboxyl and salts and esters 
thereof, aaino, nitro, C t -C n -elkyl, C^-alky loxy. 
carbonyl-c-C-alkyl, phenyl, sulfono, tstars and salts thareor, 
suifaaoyl, carbamoyl, phospho, phosphono, phosphonocxy and salts and 

t*«Mof , and in which the acino, carbamoyl and suifaaoyl groups 
of the radicals R 1 to R* furthermore can be unsubstituted or Bono- or 
disui*tituted by hydroxy], C.-C^alXyl or C.-C.-alkcxy. and in which the 
C r<u-*1*Y*. q-C.-elxyloxy, carbonyl-C,-C t -alky I , phanyi and aryl 
groups of tha radicals R» to R* can be unsubstitutad or furthermore 
aono- or polysubstituttd by tha radical R'\ and 



in which tha radical R u can be one ot t!ie 
following groups: hydrogen, halogen, hydroxy!, fcrsyi, carboxyl and 
salts and esters theraof, aaino, nitro, C,-C„-alkyl . c.-C.-alky loxy , 
carbonyl-C,H^-talXyl, phenyl, aryl, sulfono, suifeno, sulfino and 
• stara thereof , and in which tha carbaaoyl, suifaaoyl and anino group: 
of the radical can be unsubstitutad or furthermore Bono- or 
disubstituted by tha radical R»\ and 

in which tha radical R 4 * can be one of the 
following groups: hydrogen, hydroxy! , fornyl, carboxyl and salts and 
esters thereof, amino, nitro, C.-Co-elxyl, C r c % -alkyloxy, 
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carbonyl-C,-C,-al>cyl, phanyl, and aryl, 

12. A mjlti -component systaa as claiaad in claia 

*. 

vharain tha SO-, NOH-, or H-Hfc-OH-containing 
compound aaployad is ona chc»*n £roi azolas. 

13. A multi-coaponant syataa as claiaad in claia 6, 

vharain tha MO- , KCK-, or H-HK-OH-containing 
compound aaployad is ona chosan froa condansad hatarocyciic coapounds 
which contain a triazolo or tetrazolo unit, and is salactad fron tha 
group consisting of: 

[1,2,4] triazolo [4,3-a] pyridJnas, 
(1.2,4) triazolo [1.5m] pyridinas, 
11,2,4] triazolo [4,3-a] quinolinas, 
[1,2,4] triazolo [4.3-b] isoquinoiinas, 
(1,2,4] triazolo [3,4-a] iscgui.ralinas, 
(1,2,4] triazolo [1,5-b] isoqu**Tolinas, 
[1,2,3] triazolo [3,1-a] isoquinoiinas, 
[1,2.3] triazolo [1,5-a] pyridinas. 
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(1.2, 3] triaxolo (4.5-b] pyridina., 
[1.2,3] triasolo [4.5-c] pyridine, 
H. 2. 3) triaxolo [1.3-a] «juinoli M «, 
tl.=.3J triaxolo C3.1-.J iaoquinolin... 
[1.2.4] triaxolo (4.3-b] pyridoxin... 
[1.2.4] triaxolo {1,5-b] pyridoxin... 
[1.2.4] triaxolo [4.5-d] pyrid*xin«,, 
d.2.4] triaxolo [4.3-b] quinolinw. 
d.2.4] triaxolo [3.4-.] phthalaxina., 
[1.2.4] triarolo (4.3-.J pyriaidi™.. 
11.2.4] triaxolo [4.3-c] pyriaidin M . 
[1.2.4] triaxolo (1.5-a] pyriaidin.s, 
[1.2.4] triaxolo [1.5-c] pyriaidines. 
d.2,4] triaxolo [4.3-cJ quinaxolin*., 
[1.2.4] tri*zolo fl.5-a] quinaxolin*. 
[1.2,4] triaxolo [1.3-c] quinaxoHn., 
[1.2.4] triaxolo [5.1-b] quinaxolin., 
d.2.3] triaxolo (l.S-a) pyriaidin.s, 
H.2.3] triaxolo [X.3-CJ pyriaidin.., 
[1.2.3] triaxolo [4, 3-d] pyriaidina., 
[1.2.3] triaxolo fl,3-a] quinaxolines, 
[1.2,3] triaxolo Il,S-e] quiiwxolina., 
[1.2,4] triaxolo [4,3-a] pyraxinw. 
[1.2.4] triaxolo [1.3-a] pyraxin... 
[1.2.4] triaxolo [l.s-aj pyraxin.., 
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[1,2,3] triazolo [4,5-bl pyrazina, 
[1,2,4] triazolo [4,3-a] quinoxalinas, 
[1.2.3] triazolo [1,5-a] quinoxalinas, 
[1,2.4] triazolo [4.3-b] [1.2.4] triazina, 
£1,2.4] triazolo [3,4-c] [1,2.4] triazina, 
[1.2,4] triazolo [4,3-d] [1,2,4] triazina, 
[1,2,4] triazolo [3,4-f] [1,2,4] triazina, 
[1,2.4] triazolo [1,5-b] [1,2.4] triazina, 
t l # 2 # 4] triazolo [5.1-c] [1.2,4] triazina. 
[1,2,4] triazolo [1.5-d] [1.2,4] triazina, 
[1,2,4] triazolo [4.3-a] [1,3.5] triazina, 
[1,2.4] triazolo [1,5-a] [1,3,5] triazina, 
tatrazolo [1,5-a] pyridinaa, 
tatrazolo [1,5-b] isoquinolinas, 
tatrazolo [1,5-a] . quinolinas. 
tatrazolo [5,1-a] isoquinolinas, 
tatrazolo [1,5-b] pyridazinas, 
tatrazolo [1,5-b] quinolinas, 
tatrazolo [5,1-a] phthalazinas, 
tatrazolo [1.5-a] pyriaidinas, 
tatrazolo [1,5-c] pyri»idin«s, 
tatrazolo [1,5-a] quinazolinas, 
tatrazolo [l,5_-c] quinazolinas, 
tatrazolo [1,5-a] pyrazinas, 
tatrazolo [1,5-a] quinoxalinaa. 
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tetrazolo [1,3-b] (1,2,4] triazines, 
tetrazolo [5,1-c] [1,2,4] tri*xines, 
tetrazolo [1,5-d] [1,2, 4] triaziiuis, and 
tatrazolo [5,1-f] [1,2,4] triazines. 

14. A multi-component system as claimed in claim 1, 

wherein the oxidizing agent employed is selected 
from the group consisting of air, oxygen, ozone, Hft, an organic 
peroxide, a peracid as for example, peracetic acid, parforaic acid, 
pexsulfuric acid, pernitric acid, metachloroperoxybenzoic acid, 
perchloric acid, perchlorata, peracatate, persulfate, other peroxide, 
an oxygen species, a free radical as OH; 00H' ; superoxide <0*) , 
singlet oxygen, ozone, ozonide, the dioxygenylcation (O/) , a 
dioxirane, a dioxetane and a Fremy radical. 

15. A multi-component system as claimed in claim 1, 

in vhich the compound of component (d) is an 
aliphatic ether or aryl-substituted alcohol selected from the group 
consisting of: 

2 . 3 - dimethoxy benzyl alcohol, 

3.4- dimethoxybenzyl alcohol, 
2, 4 -dimethoxy benzyl alcohol. 
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2,6-diaathoxybenzyl alcohol, 
homovanlllyl alcohol, 
ethylene glycol aonophenyl ether, 
2-hydroxyb«nzyl alcohol, 

4-hydroxybenzyl alcohol, j" 

<-hydroxyb*nzyl-3-aethoxyb«nzyl alcohol, .. ? .. j 

2-aethoxybenzyl alcohol, 

2. 3- diaethoxy benzyl alcohol, 

3 . 4- diaethoxybenzyliimine , 
2,4-diaethoxyb*n2ylaaine hydrochloride, 
varatryl alcohol, and 
coniferyl alcohol. 



16. A aulti-coapcnent system as claiaed in claim l, 

wharein the compound of coaponcnt (d) i 3 an olefin 
(alXene) selected from the group consisting of: 



2-allylphenol, ; ' v 

2-allyl-6-aethylphenol, 

ally lbenzene , £v : 

^'♦•^^•thoscypropanylbanzana, y'B^:- 
p-aethoxystyrene, . ' f 

1-allyliaidaxole, 
1-vinyliaidazola, 
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styrene, 
s til bene, 

allyl phenyl ether, 

benzyl cinnamate, 

■ethyl cinnamatb, 

2,4, 6-triallyloxy-l # 3 , 5-tr iazine , 

1,2, 4-trivinylcyclohaxana, 

4-allyl-i f 2-*dimethoxyben* sne, 

vinyl 4-tert-butylbenzoate, 

squalene, 

benzoin allyl ether, 
cyclohexene, 
dihydropyran, and 
N-benzylcinnaaanilide . 



17- A xulti-coapcnent systea as claimed in claia.l, 



wherein the compound of coapor.ent (d) is a 
phenol* : ether selected- fron the group consisting of 



2.3- diaethoxybeniyl alcohol, 

3.4- diaethoxybeniyl alcohol, 
2,4-dimetfcoxybenzyl alcohol, 
2 , 6-diaetho^y benzyl a Icoho 1 , 
hoaovanillyl alcohol. 
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4~ac*tylbiph«nyl&ydi*a20fi«, 

benzoph*aa£tt~4-cartaxyiic acid* 
bsnzoylacstoiis,/;^ 
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4-4c**ylbiph«nylhydrazon«, 
£venzoph«non«~4~car boxy lie acid. 
benxcylAC«tcn«, 

oxs-(4 , 4'-dia4ithyl»flino) -b*nzoph*non« , 

benzoin, 

benzoin oximm, 

M-benzcy 1 -K-phcny Ihydroxy Ia»in« , 

2- aaino-5-cnlor ob«n2oph«non« 0 

3- hydr9xy-4-s«thoxyber.zald«nyd« # 

4- »«thoxyb«nzald«hyd« , 
«JJt£raquinon€-2 -sulfonic acid, 
4-»4ithyla»inob«nzald«hyd#, 
t*nzaldehyda, 

b*mzcphenon«t-2-carboxylic acid, 

3 , 3 " , 4 , 4 '-b*nzoph«non«t«tracarDoxy lie tc i d d i annycr i d* . 
(S)-(-) -2-{N*b*nzylpropyl) -4ainob«nzoph«non«, 
b«nzy lph«ny 1 ac*t am 1 id* , 
*- btazy Ibenzani 1 id* # 

4,4'-&i*-(di»#tnylA»ino) -tiiobonxepn*ncn«. 

4 v 4'-bift*(di«c«tyUa;no)-b«nzcp.^«non«. . 

2 -cn 1 c r o b« nz opMnons , 

4 # 4'-dihydroxyt»nzc ^fta-non* , 

2 # 4*dihydroxyb«nzopn«non« „ 

3.3-di»4»tnoxy-4-feydro«yt>*ftZAld4thy(i« hydxattr*. 
4-nydroryt>«nzo9ft«ncj>4», 
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>.<^t ^»w te •eld. 




v-'" 



I*. '.':A.miti- 



" v?.. ; -r- rv; 1 : .3;- . ■■ .. *, . 



' ~* r- " - -"^rVjivii 

la t iff j i b m 1 1 <i 



cum or la -sin 



t;;;...^.-" : ;;'"" : -. 



: " ':*<*■ . 



. :^;.^:-^>*-' - ....... .. . 
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(a) if appropriate at Last on. oxidation 

catalyst ; 

(b) at l**t on. auitabl. oxidizing aq.nt; 

(c, at l~.t on. ~di*tor a.l.ct.d fro, th. group 
conaiating of hydroxy la.in... hydroxyUnin. d.rivitiv... hydroxa.ic 
acida. hydn»a»ic acid dariv.tiv.a and aliphatxc. cycloaiiphat.c. 
h-tarocyclic or arc~tic expound, which contain at l.aat on. M- 
bydrow/. oxia-. M-oxy. or dioxy function; 

<d, if appropriate at l.a.t on. collator 
-Uct* fro. th. group conai.ting of aryl-subst-.tuted aiccnola, 
cart»«yl cc^ounda. aliphatic if**. F*—^ •«•» ol * <lnS 
(al*«»**) and th. aixtur*» tbaraof; and 

. «U a^t of at l.aat on. *re. of 
Mdxator «pXoywi m **ch caa*: aed 

in *aca c*~ v:-^ *« W--.a:o--. 
of ta. li,ni*-c»ta iai *, ai»lta~~ir or m ~T 



2164394 

21. The process as claimed in claia 20, 

vnerein the reaction is carried uut in a pH range 
froa 2 to 11 at a temperature froa 20 # C to 95 # C, at a puip consistency 
of 0.5% to 40% by weight under air cr oxygen under noraal pressure or 
1-10 bar. 

22. The process as claimed in claia 21, 
wherein the teaperature is 4 0 # C to 9 5 # C; and 
wherein the pulp consistency is 13% to 15% by 

weight. 

23. The process as claiaed in claia 20, comprising 
employing an acid wash or C stage before Ue 

reaction. 



24. The process as claiaed in claia 23. coetfirising 

carrying out toe acid wmsa at SO*c to 10C*C ** prf 
4-5.5 for 30~*0 lisstes at a pelp consistency of 4%-20% by weigfit. 



- a? - 



2164394 



25 



. Tha procass as claiaad in claim 23. coapriaing 



■rryinq out tha Q staga with 0.05%-1.0%. by 
waight of chalating agant at 60«C to 100'C at pH 4-5.5 for 30-90 
ainutas at a pulp consistency of 4*-20* by waight. 



2«. 



Tha proeass as claiaad in clais 23. cosprisinq 



aaintaining acid wash conditions of 1 hour, at 
at pH *-5.5 and a puip consistency of 10% by waight. 

27. The crocus as claiaad in claia 20. comprising 



adding to the raaction nixture. an enzyae se 
fro- the group consisting of a beaicellulasa. collulaae. asyla.a. 
pectinase. lipase and a mixture comprising two or aora of said 
enzymes- 

21. The process as daised in claia 20, 

attereln a aodifiad enzyme, enzyme conmtitaent. 
proet&etic group, aimle sutoexaace. a has* group or a 
coot a mux? b i n groapa, is employed. 
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•dding a reducing 



comprising 



*9*nt to thm rm*~t 

"*ction solution. 

3X ' ^ m claw 



in ciaia 30 



v ^r«in sodiua bia U i#^ 



Ciais * d ^ claia 20. 
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34. The process as claiaed in chla 33, 

wherein said cation is selectad fro. the group 
consisting of fa'*, ^ t ^ ^ ^ 

Al". 

35. The procass as claiaed in claia 20, 

wherein a complaxing agent is additionally addad 
to the reaction solution. 

36. The procass as claimed in claia 35, 

wherein said coaplexing agent la selactad froa the 
group consisting of ethyl.nediaainatatraac.tic acid (EDTA) , 
diethylenatriaainepantaacetic acid (OTPA) , 
hydroxy athylanadiaainatriaeetic acid (HEDTA) , 
diattoylanatriaainapantaaathylena-phosphonic acid (DTMPA) , 
aitrilotriacatic acid (NTA) . polypho.phoric acid <ppa).. another iron- 
. aanganasa- or coppar-coaplaxing agent, diethylaaina , and 
hydroxy laaine. 

37. Tha procass as claiaed in claia 20, 
wharain MaOCl Is eaployed. 
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38. The process as claimed in claim 20, 
wherein a detergent is additionally employed. 

39. The process as claiaad in claim 38, 

wherein said detergent is selected from the group 
consisting of a nonionic, ionic, anionic, cationic or amphoteric 
surfactant. 

40. The process as claimed in claim 20, 

wherein a polysaccharide and/or protein is 
additionally added to the reaction solution. 

41. The process as claimed in claim 40, 

wherein a glucan, mannan, dextran, levan, pectin, 
alginate or plant gum and/or intrinsic polysaccharide formed by the 
fungi or a polysaccharide produced in the mixed culture with yeasts is 
employed as the polysaccharide. 
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42. The process as claimed in claia 40, 

wherein a gelatin and/or albumin is employed as 

the pro tain. 

43. The process as claimed in claim 20, 

whsrsin a simpls sugar, oligomer ic sugar, amino 
acid, polyethylene glycol, polyethylene oxide, polyethylencimine or 
polydimethylsiloxane is employed as an additive. 

44. The process as claimed in claim 20, 

where an agent which forms free radicals or an 
agent which traps free radicals is added to the system. 

45. The process as claimed in claim 20, 

which is employed for delignif ication or bleacning 
of pulp after all the known cooking processes. 
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46* The process as claimed in claim 45, 

wherein the suit its, sulfite, orqanosolv, ASAM 
process or Enabatch process or other cooking process is carried out as 
the cooking process. 

47. The process as claimed in claia 45, 

which is carried out after, between or before all 
customary bleaching stages and other sequences, such as the Q stage, 
acid washing and the like. 

48. The process as claimed in claim 45, 

wherein the process is carried out in several 
stages, a. washing or a washing and an extraction with alkali or 
neither washing nor extraction taking place between each stage. 



49. A multi-component system as claimed in claim 1, 
for liquefaction of coal. 



